The World Health Organization (WHO) recommends either inactivated or live attenuated vaccine against the hepatitis A virus (HAV) infection in countries with high incidence. Live attenuated vaccines against HAV infection have been developed and used exclusively in the People's Republic of China and have shown promising results. This is the first study conducted outside the People's Republic of China to evaluate the immunogenicity and safety of live attenuated hepatitis A vaccine (Biovac-A™) in healthy Indian children.
Introduction
With the recent change in the epidemiology of hepatitis A virus (HAV) infection, a large proportion of the adult population in developing countries is now susceptible to the disease. 1 Compared to infection in early childhood, the disease in adolescents and adults is known to be more severe and with a higher mortality. 2 The World Health Organization (WHO) and the Indian Academy of Pediatrics Committee on Immunization (IAPCOI) has recommended the inclusion of hepatitis A vaccination in the routine immunization program of our country. 3 Currently, two types of vaccines: live attenuated and inactivated vaccines, are available for vaccination against HAV infection. 2 According to the WHO, live attenuated vaccines are as safe and effective as inactivated HAV vaccines. 4 The first live attenuated HAV vaccines (H2 and LA-1 strains) were developed and licensed in the People's Republic of China. The only other country where the live vaccine (H2 strain derived) is registered is India, where it was licensed in 2005. 2 Vaccine: Development and Therapy downloaded from https://www.dovepress.com/ by 54.70.40.11 on 28-Oct-2019 For personal use only. Powered Bhave et al Live attenuated vaccines mimic natural infection up to a limited extent and induce an immune response without causing a severe infection. 5, 6 The live attenuated vaccines have a higher intensity of innate response and higher antigen content following replication thereby leading to a more prolonged antigen persistence generally resulting in a higher antibody response. Because of this, they produce lifelong immunity with the primary dose compared to most inactivated vaccines that require a booster dose. 2, 7, 8 Previous studies with this live attenuated vaccine conducted in the People's Republic of China and India have shown remarkable long-term immunogenicity with a single dose of the vaccine. [9] [10] [11] The present study was a regulatory requirement of the Drugs Controller General of India (DCGI) due to a change in the manufacturing facility (in the People's Republic of China) and the addition of new inactive stabilizers. The Chinese authorities have approved the new facility and five million individuals have already been inoculated with the vaccine manufactured at the new facility with an excellent safety profile (data on file; Wockhardt Ltd ). This is the first two-center study conducted outside of the People's Republic of China to evaluate the immunogenicity and safety of the live attenuated hepatitis A vaccine (new Biovac-A™; Wockhardt Ltd, Mumbai, India).
Materials and methods study design and patients
This was an open-labeled, non-comparative, non-randomized, 8-week (July 2012 to October 2012), confirmatory study, carried out at two centers (Kolkata and Pune) in India. All the subjects were recruited from the outpatients department of the hospital. These subjects were screened for anti-HAV antibodies. The recruited subjects had anti-HAV levels ,20 mIU/mL and provided informed consent/assent for the study. The parents/guardians were given an explanation in their language about the study before they signed an informed consent form (subject .7 years also signed the assent form along with the parents/guardians) as per the guidelines of the International Conference on Harmonization (ICH) of Technical Requirements for Registration of Pharmaceuticals for Human Use. 12 The study consisted of three visits (screening visit, baseline visit, and the end of the study visit). During the screening visit (-7 to 0 days), healthy subjects aged 12 months to 12 years were tested for anti-HAV antibodies (AxSYM ® HAVAB ® -M 2.0 and AxSYM ® HAVAB ® 2.0 kits; Abbott Laboratories, Abbott Park, Illinois, USA), biochemical liver profile serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvate transaminase (SGPT), bilirubin, and other hematology parameters. Subjects with negative anti-HAV antibodies (,20 mIU/mL) and normal hematological and biochemical parameters were enrolled. The study was reviewed and approved by the institutional ethics committees of both sites and was conducted in accordance with the good clinical practice guidelines, the Declaration of Helsinki, 13 and other applicable regulatory requirements.
study vaccine and administration
The enrolled subjects were vaccinated (subcutaneous over the deltoid muscle of the upper arm) with 0.5 mL of new Biovac-A™ (Wockhardt Ltd). The Biovac-A™ (H2 strain, freeze dried, live vaccine) is developed by Zhejiang Pukang Biotechnological Co, Ltd, People's Republic of China, and imported and marketed in India by Wockhardt Ltd.
assessment of safety
The safety of the vaccine was assessed on the basis of adverse events (AE) observed/reported after the administration of HAV vaccine, until the end of the study. Every vaccinated subject was observed closely at the study site for 1-hour and followed up with a telephone call after 48 hours for local/ systemic reactions (local: pain, redness, itching, swelling, ecchymosis; systemic: nausea, vomiting, headache, irritability, restlessness, muscular pain, rash, fever $100°F, collapse, convulsion, unusual crying for $3 hours).
assessment of immunogenicity
A repeat blood sample was taken at the end of the study (visit three) after 60±7 days for the measurement of anti-HAV antibodies (total HAV and immunoglobulin [IgM]) and hematology and biochemistry parameters. There is no consensus on the threshold level of anti-HAV seropositivity and different studies have used different cut-offs varying from 10 mIU/mL, 15 mIU/mL, and 20 mIU/mL. Based on the previous studies, we considered $20 mIU/mL antibody titer after vaccination as seroprotective. 14, 15 statistical analysis Descriptive statistics were used to summarize baseline demographics, hematology, and biochemical data. Differences in means (before and after vaccination) were compared using paired t-test. Comparison of the proportions was done using the Fisher's exact test/chi-squared test. Data analysis was done using SPSS version 17 software (IBM Corporation, Armonk, NY, USA). 
Results subjects
The demographic characteristics of the subjects are tabulated in Table 1 . A total of 195 healthy Indian children were screened for the present study. Of these, 53 subjects were excluded from the study (anti-HAV level $20 mIU/mL: 48; abnormal hematological values: 4; acute respiratory tract infection: 1). Two subjects were lost to follow-up between screening and baseline (enrollment) visits. The remaining 140 seronegative children were enrolled at the two centers. Three subjects were lost to follow-up between vaccination and the end of the study (shifting to a different location: 1; not willing to come for last visit: 2). Thus, 137 subjects (female: 66; mean age: 4.09±2.5 years) completed the study and were analyzed for immunogenicity and safety. The disposition of subjects is presented in Figure 1 .
safety and reactogenicity
In the 48 hours post vaccination observation period, systemic AEs were seen in six children (mild fever: 4; cough: 2) and local AEs in four (local pain: 3; local swelling: 1). The AEs reported during the remaining study period were respiratory tract infection (5.1%), fever (6.5%), vomiting (0.7%), and gastroenteritis (0.7%). Overall, 36 AEs were recorded in the evaluable subjects and 28 (20%) subjects experienced at least one AE during the study period. No serious adverse event (SAE) was observed during the study ( Table 2) .
The liver function tests before and after vaccination were normal in all the subjects except in one in whom SGPT levels rose to 110 U/L post vaccination but who had normal SGOT, serum bilirubin, and a negative anti-HAV IgM value. The SGPT returned to normal (11 U/L) on retesting after 1 month.
immunogenicity Out of 137 subjects, 136 attained seroprotection at the end of the 8-week study. The overall seroprotection ($20 mIU/mL) rate was 99% (Kolkata 100%, Pune 98%). One subject from Pune site, aged 4 years, did not seroconvert (3.01 mIU/mL) after the vaccination. The geometric mean titer (GMT) for total anti-HAV was 78. 8 
Subjects screened N=195

Subjects enrolled N=140
Subjects completing the study N=137
Lost to follow up subjects (between vaccination and end of study), n=3 Reasons:
• Shifted to a different location, n=1
• Not willing to come for the last visit, n=2
Reasons:
Dropouts, n=2
• Not interested in taking the vaccine, n=1
• Anti HAV ≥20 mlU/mL, n=48
Screen failure subjects, n=53
• Clinically significant abnormal
• Acute respiratory infection, n=1 biochemistry/hematology values, n=4
• Living in a distant town, n=1 Anti-HAV IgM levels (post-vaccination) were negative in all except in one subject. This subject was, however, clinically well and had normal liver enzymes and serum bilirubin levels. He also had a seroprotective anti-HAV antibody level of 720 mIU/mL. On follow-up after 4 months, the IgM levels were negative.
Discussion
The results of the present study show that the H2 strain live attenuated hepatitis A vaccine from the new manufacturing facility and with the new additional stabilizers (sorbitol, trehalose, dextran 40, and mannitol) is optimally immunogenic and has a good tolerability profile with minimal reactogenicity in healthy Indian children aged 12 months to 12 years. The seroprotection achieved after a single dose of the vaccine was close to 100% at the end of 8-weeks post-vaccination. The mean titer values of anti-HAV were 78.8 mIU/mL (68.4, 90.5) at the end of the study (8-weeks post-vaccination). The GMT of anti-HAV was higher in subjects . 8,79.4] ). The prevalence of higher GMT in subjects .2 years substantiates the recommendation by the various immunization committees to vaccinate at 12 months of age for a higher antibody response. 16 The prevalence of HAV infection is strongly associated with the socioeconomic status and the sanitary conditions. 17 With the improvement of these factors in middle-income countries like India over the past two decades, an epidemiological shift in HAV infection has been observed with adults becoming more susceptible to HAV infection compared to children. [18] [19] [20] [21] Due to this transition, the incidence of clinically significant hepatitis A infection in these countries is increasing. 17 Live HAV vaccines have been used in the People's Republic of China for over 20 years and have shown remarkable safety, immunogenicity, and long-term protection to millions of subjects. 5 The incidence of hepatitis A reduced dramatically in the Chinese regions where the vaccine was used in mass and routine public immunization programs. 22 The first study using this vaccine outside of the People's Republic of China was reported from Pune, India in 2006 showing a seroprotection rate of 95.8%, 6 weeks after a single dose of live attenuated hepatitis A vaccine. A multicenter study from India, which followed the Pune study, reported in 2008, showed similar results. 10 Long-term follow up studies of immunogenicity are ongoing at both centers (unpublished data). Both these previous Indian studies were conducted with the vaccine manufactured at the original Chinese facility. The present study, using vaccine from a new manufacturing facility showed similar remarkable immunogenicity of the vaccine.
Though not many equivalence or non-inferiority studies are available that compare the seroconversion rates of the live attenuated and inactivated hepatitis A vaccine, Zheng et al and Wang et al in their studies were not able to identify any difference between both the vaccines in terms of seroconversion. 23, 24 However, compared to the inactivated HAV vaccine, live attenuated vaccine has several advantages, such as the requirement of a single dose to produce long-lived immunity and stimulate generation of humoral, as well as memory cellular, response. 9, 22, 25 However, the major advantage of live attenuated vaccine is that it causes weak infection and closely reproduces the natural stimulus to the immune system. 25 AEs related to the HAV vaccines (both with live attenuated and inactivated) are reported to be infrequent and mild in severity. 10, 26 The most commonly observed AEs are fever, pain, redness, and swelling at the injection site. Most of these AEs resolve within a few hours or days. 26, 27 Previous studies from India have not reported any significant AEs with the live attenuated vaccine. 9, 10 The post vaccination AEs observed in the present study were also minimal and no SAE was observed. One subject had raised post-vaccination SGPT levels (110 U/L) but had no symptoms suggestive of hepatitis and SGOT and serum bilirubin levels were within the normal range. The anti-HAV IgM levels for this subject were negative. On follow-up, the child remained asymptomatic and SGPT levels repeated after 1 month were within normal limits. Such isolated transaminitis, (raised SGPT and negative anti-HAV IgM antibody) are not indicative of vaccine induced hepatitis. 28 Interestingly, another child had an isolated elevated IgM level, which reverted to negative after 4 months. This could well have been related to the vaccine as reported by others also. 29, 30 Overall, the AEs observed in the present study were minimal, but due to the small sample size of the present study, the chance of detecting any rare AE was low.
Conclusion
In conclusion, the present study showed that the live attenuated H2 strain hepatitis A vaccine from the new manufacturing facility and with added stabilizers was highly immunogenic and safe in Indian children and comparable to the previously used live hepatitis A vaccine. In this environment of the changing epidemiology of HAV in India, with a shift in the age leading to more adults susceptible to the HAV infection, a single dose of live attenuated hepatitis A vaccine in children was found to have an excellent seroconversion. This live attenuated hepatitis A vaccine also had a good tolerability and safety profile in this study population.
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